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Introduction
 At RAN 98-e meeting the revised WI “NR NTN (Non-Terrestrial Networks) enhancements” [1] was approved.  In the previous meeting, we discussed the basic scenarios and the set of requirements which includes RRM requirements relevant to NTN and what we discussed before were captured in [2]. 
Discussion
The objectives of Rel-18 NTN enhancement are described in [1] including:  
	2.1 	NR-NTN deployment in above 10 GHz bands
2.2 	NTN-TN and NTN-NTN mobility and service continuity enhancements


In this meeting, we will discuss the scenarios and express our views on potential impact to RRM requirements towards the first objective as below:
2.1 NR-NTN deployment in above 10 GHz bands
RAN4 shall define the RRM requirements based on the latest revised WID as below:
	The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.



In the last meeting, RAN4 had some agreements as below:
	Common vs. Different UE uplink timing accuracy requirements for different cases (Case-1/2/3)
Agreement:
· Further discuss achievable UE performance under different cases, FFS whether separate requirements needed or not.


In #108meeting, we RAN4 has already clarify the 3 cases for NR NTN as below:
Case-1: Stationary UE for GSO
Case-2: Stationary UE for LEO
Case-3: Mobile UE for GSO
First of all what we need to do is to define the UL transmitting error, from my perspective the different Te errors shall be defined with different cases.
In R17,  Te_NTN = Te + Te_GNSS + Te_SAT  has been decided, Te is the legacy timing error, Te_GNSS is the GNSS accuracy and Te_SAT is serving-satellite positioning error. The Te_GNSS is mainly up to the UE implementation, which is not influenced by fixed or mobile UE or the deployments of the satellite. However, for the parameter Te_SAT, serving-satellite will provide the PVT information to UE which helps UE to estimate the its positioning error, which can be impacted by the different deployment of the serving satellite and the fixed or mobile UE, e.g. the LEO and GSO will provide the different PVT information to UE especially the velocity. And also the state of UE will also impact the accuracy which received the information from the serving-satellite. In the last meeting, some companies proposed that the Case 1_Te< Case 2_Te< Case 3_Te, I deem that there is not enough evidences for the last two parts Case 2_Te< Case 3_Te, in Case 2 is the LEO and in Case 3 is the mobile UE, what we need to do is to define the different requirements under different cases.
Observation 1: The Te_GNSS is mainly up to the UE implementation, which is not influenced by fixed or mobile UE or the deployments of the satellite. 
Observation 2: Serving-satellite will provide the PVT information to UE which helps UE to estimate the its positioning error, which can be impacted by the different deployment of the serving satellite and the fixed or mobile UE.
Observation 3: There is not enough evidences for Case 2_Te< Case 3_Te, in Case 2 is the LEO and in Case 3 is the mobile UE.
Proposal 1: Different UE uplink timing accuracy requirements shall be defined under different cases.
	Te_NTN for 120kHz
Agreement:
FFS whether different set of Te_NTN requirements needed for UL SCS 120kHz.


In R17 discussion, the UE Tx timing requirement is defined based on the agreement in WF R4-2115346 and WF R4-2120310:
	· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Note: Te_GNSS shall include the total RTT error
· FFS the clarification on total RTT error
· FFS how to derive Te_GNSS from the GNSS positioning accuracy
· Te_SAT is the serving-satellite position estimation error
· Note: Te_SAT shall include the total RTT error
·  FFS the clarification on total RTT error
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*108 m/s.


Based on the agreements in R17 discussion, we know that the initial transmit timing requirements in NTN is Te_NTN = Te + Te_GNSS + Te_SAT, and we assume basic GNSS accuracy is 50m which is the assumption based on the TS38.171 and also the serving-satellite positioning accuracy is 30m which is also the assumption during the whole discussion. In FR1 NTN, we did not studied the UL timing requirements when SCS equals to or larger than 60KHz since the timing error will be too large to guarantee the system performance and robustness. However, for R18 the basic scenario is Ka band which SCS is equal to or larger than 60KHz and the main considered SCS is 60KHz and 120KHz based on the previous meetings. So the initial transmit timing requirements for NTN in R17 will not be suitable for the Ka band, Te_NTN = Te + Te_GNSS + Te_SAT. If we still try to use the legacy assumption, the transmission timing error will be larger than half CP length. Since in R17 there is a criteria when we defining the Te_NTN  by using CP, the gNB can eliminate inter symbol interference caused by multi-path as long as UE fulfill the ±Te transmit timing requirements and the requirements in R18 shall also follow that criteria. Based on above and from RAN4 perspective, RAN4 needs to define the new transmit timing requirements in R18 and the performance of UE UL transmission and gNB reception will not be degraded.
To define the requirements, one possible method is to extend the CP length, and this approach has little proponents since the ECP discussion will bring too much workload and has RAN1/2 impact which can be failed. The other approach is to tighten the Te_NTN = Te + Te_GNSS + Te_SAT , which comprises of three parts the legacy Te, the GNSS accuracy which is up to UE implementation, the serving-satellite accuracy which provides the PVT information to UE and estimates its position accuracy. For this approach, we shall consider that criteria, the error budget for UE UL transmission shall not larger than half CP, 
In the discussion on R17 NR NTN, the UE UL timing accuracy requirements can be formulated as: 
Te_NTN = Te_TN + Te_GNSS + Te_SAT , where
· Te_TN: Legacy TN UE UL Timing Accuracy 
·                   Te_GNSS is the GNSS accuracy, Te_GNSS = 2* (GNSS positioning accuracy/c);
·                   Te_SAT is the serving-satellite position estimation error, Te_SAT = 2* (serving-satellite positioning estimation accuracy /c)
Besides, additional timing error can be introduced by the following factors:  
· TA command resolution error (section 4.2, TS 38.213)
· TA adjustment accuracy (section 7.3.2, TS 38.133)
The table can be as below:
	SCS of SSB (KHz)
	SCS of uplink signals(KHz)
	0.5 CP length(Ts)
	TA command resolution error (Ts)
	TA adjustment accuracy (Ts)
	Legacy Te (Ts)
	Remaining Te_GNSS + Te_SAT (Ts) 
	Proper positioning error (m)

	120
	60
	18
	2
	2
	3.5
	10.5
	52.5

	
	120
	9
	1
	0.5
	3.5
	4
	20

	240
	60
	18
	2
	2
	3
	11
	55

	
	120
	9
	1
	0.5
	3
	4
	20


Based on the above table, the 50m for GNSS accuracy and 30m for serving-satellite accuracy are not suitable for Ka band in NTN, what we need to do is tighten the total positioning error (Te_NTN = Te_TN + Te_GNSS + Te_SAT). the GNSS positioning error in difference scenarios can be summarized based on TS38.171 as below:
	Scenario Type
	Weak satellite signal conditions
	Ideal conditions
	Satellites with rather different signal levels
	Multi-path Scenario
	Moving scenario with periodic update

	Position Error
	100 m
	15 m
	100 m
	100 m
	50 m


We can focus on the highlight above the table related to the 120kHz, based on the rules when defining the Te requirements we deem that the requirements shall not be defined for 120kHz since the total budget already exceeds the 0.5CP length, the same situation in ATG scenario when defining the Te requirement for 60kHz. Some companies deem that the common requirements shall be defined for different requirements, from my perspective, we shall study the different requirements under different SCS: For legacy requirements we had different requirements for different SCS the 15kHz and 30kHz as below:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Observation 4: For legacy requirements we had different requirements for different SCS, e.g. 15kHz and 30kHz.
	Te_NTN for 60kHz and 120kHz
Agreement:
Companies should provide ‘the exact value of Te_NTN and values assumed for X and Y’ and ‘the analysis result based on the following criterion.’ Otherwise, the values/proposals won’t be captured in the list of options.
Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs) 
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
Technical analysis is required if any number will be provided for each of the components in the next meeting.
Whether the same or different values for different channels is contribution driven.


In the last meeting, we just discussed the formulation for calculating Te requirements, so we will provide the Te requirements for 60kHz as below:
Te=Tp+Td+Tf
For SSB∈[120, 240]kHz and UL SCS =60kHz
120 and 60 [Ts]:
	0.5Tcp
	Td
	Tr
	Ta
	Tf
	Tm
(assume zero value)
	Tp (supposed to be)
	Te

	18
	0.53
	2
	2
	0.49
	0
	12.98
	14


240 and 60 [Ts]:
	0.5Tcp
	Td
	Tr
	Ta
	Tf
	Tm
(assume zero value)
	Tp (supposed to be)
	Te

	18
	0.27
	2
	2
	0.49
	0
	13.24
	14


For SSB∈[120, 240]kHz and UL SCS =120kHz
120 and 120 [Ts]:
	0.5Tcp
	Td
	Tr
	Ta
	Tf
	Tm
(assume zero value)
	Tp (supposed to be)
	Te

	9
	0.53
	1
	0.5
	0.49
	0
	6.48
	7.5


For SSB∈[120, 240]kHz and UL SCS =120kHz
240 and 120 [Ts]:
	0.5Tcp
	Td
	Tr
	Ta
	Tf
	Tm
(assume zero value)
	Tp (supposed to be)
	Te

	9
	0.27
	1
	0.5
	0.49
	0
	6.74
	7.5





So we provide the initial requirements as below:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	14*64*Tc

	
	
	120(NCP)
	7.5*64*Tc

	
	
	120(ECP)
	

	
	240
	60
	14*64*Tc

	
	
	120(NCP)
	7.5*64*Tc

	
	
	120(ECP)
	


However, we agree with that the different timing requirements shall be defined under different cases, so the table above can be considered as the minimum requirements.
Some companies deem that the Te for 120kHz shall not be defined since it has already exceeded 0.5CP length, if we insist to studying the Te requirements for 120kHz the impairment exists. However , from my perspective the ECP can be considered since there is no evidence to evaluate how the impairment will be, if the impairment is within the tolerant range the Te requirements shall be defined and ECP may can eliminate the concern which the total budget exceeds the 0.5CP length.
Proposal 2: 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	14*64*Tc

	
	
	120(NCP)
	7.5*64*Tc

	
	
	120(ECP)
	

	
	240
	60
	14*64*Tc

	
	
	120(NCP)
	7.5*64*Tc

	
	
	120(ECP)
	


The table can be regarded as the minimum requirements, RAN4 shall define the concrete  requirements under different cases.
Conclusion
In this paper we provided our views on RRM requirements on R18 NR NTN enhancement.
Observation 1: The Te_GNSS is mainly up to the UE implementation, which is not influenced by fixed or mobile UE or the deployments of the satellite. 
Observation 2: Serving-satellite will provide the PVT information to UE which helps UE to estimate the its positioning error, which can be impacted by the different deployment of the serving satellite and the fixed or mobile UE.
Observation 3: There is not enough evidences for Case 2_Te< Case 3_Te, in Case 2 is the LEO and in Case 3 is the mobile UE.
Proposal 1: Different UE uplink timing accuracy requirements shall be defined under different cases.
Observation 4: For legacy requirements we had different requirements for different SCS, e.g. 15kHz and 30kHz.
Proposal 2: 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	14*64*Tc

	
	
	120(NCP)
	7.5*64*Tc

	
	
	120(ECP)
	

	
	240
	60
	14*64*Tc

	
	
	120(NCP)
	7.5*64*Tc

	
	
	120(ECP)
	


The table can be regarded as the minimum requirements, RAN4 shall define the concrete  requirements under different cases.
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